Symptoms and signs of clinical neuropathy in juvenile diabetics are often found after many years of diabetes, but are very unusual at the beginning of the disease. In long-term diabetics the clinical findings are well correlated to the histological abnormalities of the peripheral nerves. Some degree of microangiopathy of the vasa nervorum is found in many of these patients, and may contribute to the clinical picture (Fagerberg, 1959, l~eske-Nielsen and Lundb~ek, 1968) .
One of us (Gregersen, 1967 (Gregersen, , 1968a ) has demonstrated recently that at the very beginning of juvenile diabetes the function of the peripheral nerves is already altered, and also that this abnormality is reversible by normalization of the blood sugar. At the time when neurophysiologieal studies reveal these abnormalities, no symptoms and no signs of peripheral nerve disease are found by ordinary clinical examination.
Another reversible neurological phenomenon in diabetes mellitus, the abnormal vibratory perception during ischaemia, was demonstrated earlier by Steiness (1961) .
Very little information is available about the pathology of the peripheral nervous system in acute, recent juvenile diabetes. In older literature, three young patients are described who died of coma a few months after the onset of diabetes, and in whom degeneration of the myelin sheaths of the peripheral nerves was observed (Auch6, 1890; Fraser and Bruce, 1896; Marinesco, 1903 ). Fagerberg's study (1959) includes 2 patients less than 30 years old with duration of diabetes of one and two years. None of these showed pathological changes of the peripheral nerves. On the other hand, Thomas and Lascelles (1966) observed segmental loss of the myelin sheath in a 26 year old man with poorly regulated diabetes of three years' duration. No information is available about the terminal neuromuscular apparatus in recent juvenile diabetes.
The following is a report of a study of this most peripheral part of the nervous system in 9 juvenile diabetics, demonstrating that severe abnormalities are present right at the start of the disease.
Patients and Methods
The series consists of nine juvenile diabetics aged 16 to 32 years (Table 1) . Except for patient No. 6, whose diabetes was discovered accidentally, all the patients had classic juvenile diabetes mellitus of short and well-defined duration. Patient No. 1 was started on insulin at the onset of the disease six months earlier, but the treatment was stopped again after six weeks when complete remission occurred. In three of the patients (No. 2, 8 and 9) ketosis was so severe at admission that insulin treatment was started immediately. The biopsy was performed one to two weeks later. The other five patients had not yet been put on treatment at the time of biopsy.
All the patients, except No. 8 and 9, were in reasonably good general condition and were up and about. None of them had retinopathy, proteinuria or loss of sensitivity and deep reflexes.
Results
The results obtained are seen in Table 2 . They are indicated as in the corresponding table of the foregoing Vibration perception was measured on the great toe with a thesiometer in all the patients, and motor nerve conduction velocity of the peroneal nerve was determined in seven of them. Electromyography was performed in four patients.
Muscle biopsies were removed from nine patients, four from the short peroneal muscle, five from the anterior tibial muscle. The localization of the end plates of these muscles is well defined.
One piece of the biopsy was stained by ordinary histological methods and another by Koelle's cholipaper on long-term diabetes (Reske-Nielsen et al., 1969) .
The ordinary muscle biopsy revealed in five patients signs of incipient neurogenie atrophy --demonstrated by slender fibres, increased number of nuclei beneath the sarcolemma, and fat cells between the muscle fibres. Four patients showed clear --cut nenrogenic atrophy (Fig. 1) . Hyaline and ringed fibres were seen in a few cases. All the vessels looked normal.
The staining by Koelle' s method showed slight changes in half of the patients. The number of the snbneurM , 1969) . Biopsy was made on one of the first days after admission (except in case No. 2, 8 and 9). It was repeated in three of the patients after 13 --25 days of treatment, when the blood sugar level had been normal or practically normal for some time.
apparatuses was increased. Some of them were transformed into large, fringed units with well-laminated and sharply limited outline (Fig. 2) . Only very few showed mild degrees of degeneration, being vacuolated and pale.
The intravital methylene blue staining demonstrated bundles of nerve fibres and subterminal nerves with coarse fragmentation, irregular thickenings and spherical well-defined swellings, sometimes in rows after each other (Fig. 3 ).
E. Reske-Niclsen et al. : Morphological Abnormalities Diabetologia
Many of the end-plates were bizarre or had changed to ringed and elongated forms with thin or irregularly thickened telodendrions. Sometimes the terminal expansions were seen to be small and dark, or light and plates innervating the same or two different muscle fibres. These end-plates were usually well formed, but sometimes one of them was very small. Growth cones were occasionally observed (Fig. 5) . swollen, or granular, but the overall degree of these changes was much less pronounced than in the longterm diabetic patients described in the previous paper (Reske-Nielsen et al., 1969) . Impressive regenerative changes were also found in all the patients. Collateral ramifications along the nerve fibres were seen, sometimes a tuft of 2 to 5, long and healthy-looking sprouts starting from one point of an axon (Fig. 4) . Nearly all the nerve fibres had two end-
Discussion
Eight of the nine patients studied here had recent juvenile diabetes of the classic clinical type. One --No. 6 --was discovered accidentally and belongs to the type of "mild juvenile diabetes" described by Johansen and Lundbeek (1967) . In all except one (ease No. 1) the duration of diabetes was only a few weeks.
None of the patients had symptoms or signs of neuropathy at the clinical examination, ttowever, determination of MCV, EMG and vibratory perception revealed the same kind of mild abnormalities as has been described in earlier reports on a larger group of age (io < 0.02). On the whole, the small group of patients studied here is thus representative of the much larger groups reported by one of us (G. G.) in earlier functional studies. Fig. 3 . Intramuscular nerve bundle with coarse fragmentation and thickenings of the axons Fig. 4 . Five large, slightly abnomial end plates from one axon recent juvenile diabetics (Gregersen, 1967; 1968a, b,) . The average MCV (seven patients) was 45.9 m/s. In the earlier studies mentioned, the average MCV in young patients with a duration of diabetes of ]ess than five years was 46.7 m/s, as against 50.8 m/s in non-diabetics of similar age (p < 0.005). The average values for vibration perception threshold was 10.4 V. This value is comparable with the average value of 10.8 V found earlier in juvenile diabetics with less than five years duration, as against 9.1 V in non-diabetics of similar
The results obtained indicate well-marked abnor malities of the terminal neuromuscular apparatus in recent juvenile diabetes. The subneural apparatus showed mild changes. The subterminM nerve fibres and the endplates showed some degree of degeneration. At the same time vigorous and healthy-looking sprouting was seen in nearly all of the eases.
This picture is in contrast to the severe degeneration of the subneural apparatus and the severely abnormal endplates seen in long-term diabetes (Reske-E. lgeske-Nielsen st al. : 1V~orphological Abnormalities Diabetologia Nielsen et al., 1969) . In such patients the sprouting is more pronounced than in the case of recent juvenile diabetes described in the present paper, but the sprouts are thin and obviously of poor quality. fructose in peripheral nerves of alloxan-diabetic rats has been reported by Stewart et al. (1966) , as well as by Gabbay et al. (1966 Gabbay et al. ( , 1968 . Finally Eliasson and Hughes (1960) and Field and Adam (1965) The predominance of healthy regenerative changes in the specimens examined in the present study may explain the lack of clinical symptoms and signs of nervous disease in our patients.
Abnormalities of peripheral axis cylinders and end organs in diabetic patients have been demonstrated earlier by Woolf and Malins (1957) , CoOrs and Hildebrand (1965) and by CoOrs (1966) . Since near]y all their patients were old, and no information available about the duration of the diabetes, these studies did not elucidate the problem of early changes. The same is true of Bischoff's electron-microscopic studies of peripheral nerves from diabetic patients (1968). Our results may be compared, however, with those obtained in acute experimental diabetes. Hildebrand et al. (1968) reported changes of the terminal parts of the peripheral nervous system a few month after alloxanization in rats. The abnormalities described by these authors are very similar to the ones observed in recent human diabetes in the present study.
More indirectly, our results are in accordance with Bischoff's report of electron-microscopic changes of the Schwann cells a few weeks after alloxanization of hamsters (1967) , and with Preston's findings (1967) of segmental myelin sheath degeneration in alloxandiabetic rats. In the last mentioned study, these changes were not found in a group of animals regulated on insulin.
Functional studies have revealed reduced motor nerve conduction velocity in alloxan-diabetie or pancreateetomized rats (Eliasson, 1964; Preston, 1967) . A biochemical defect with accumulation of sorbitol and results suggesting an abnormality of the lipid metabolism of peripheral nerves in rats with alloxan diabetes.
As stated earlier, functional studies in diabetic patients have demonstrated that early changes of nervous function are reversible (Gregersen, 1968 e, d ).
In three of our patients we therefore repeated the biopsy after 13 --25 days of normalization of the blood sugar. However, the histological picture was the same as before treatment. I t may be that a longer period of normal blood sugar is needed for the repair of the morphological changes present in the end organs of the peripheral nervous system of diabetic patients.
